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(54) Handset signalling time slot assignment plan for satellite mobile communication 



(57) A mobile, satellite-based communication sys- 
tem (20) includes a defined signaling arrangement 
developed from an analysis of factors including move- 
ment of mobile terminals (28). movement of the satellite 
(22), beam discrepancies and duration of the call to the 
mobile terminal (28) to set up a frame assignment plan 
for time division multiple access (TDMA) carriers and 
identifying permissible frame offset which can be 
accommodated throughout the entire transmission. As 
a result, timing and frequency references from a mobile 
to mobile command may be provided from a reference 
source (24) along with receive and transmit data com- 
munications without losing the command signals or the 



communication information and providing highly effi- 
cient use of each carriers time slots for receiving/trans- 
mitting communication signals. Similarly, the signaling 
arrangement permits an efficient frame structure and a 
time slot assignment plan that does not require 
enhanced equipment at the mobile terminal (28). More- 
over, the signaling frame assignment is applicable to 
multibeam satellite-based mobile communication sys- 
tems for use with communications between mobile ter- 
minals (28) and gateways (24. 20) as well as between 
mobile terminals (28). 
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Description 
Technical Held 



The present invention relates to satellite communication systems with time division multiple access (TDMA) carri- 
ers having a series of framed time slots to which voice channels are assigned and to the assignment of moblle-to- 
mobile communication slots such as receive slots, transmit slots, and control signal channel slots within the frame. 

Background Art 

Many previously known communication systems are ground based systems that avoid the limitations of hardwired 
public switched telephone networks by transmitting electromagnetic radiation signals. Previously known cellular tele- 
phone systems use ground based antennas or towers to relay signals to and from communication terminals, such as 
computers, facsimile machines or handsets within service areas called cells. The cells are limited by geographic or 
physical limitations within a short distance of the antenna, and communications must be sequentially transmitted 
between towers when communications terminals are separated by great distances. 

An increased coverage area has been provided by using orbiting satellites to direct signals to expanded geographic 
areas served by signal beams carrying a number of carrier signals. However, the communications between communi- 
cation terminals passes from one terminal to the satellite and returns through one or more land-based gateways that 
controls the transmission and reception communication signals to the other participating terminal. Each link or hop 
between the terminal, satellite, gateway and terminal introduces delay and requires power to relay the communication 
signals. Moreover, when the terminals are mobile (MT). the recovery of power usage and simplification of the equipment 
are important to cost effective and practical implementation. 

One known form of mobile terminal comprises a handset. Since these handsets are to be purchased by users, and 
since the number of mobile terminals is the largest equipment supply In the system, it is important to reduce the costs 
and power requirements for the handsets. Accordingly the handset preferably Includes a transmit/receive (T/R) switch 
as opposed to the heavier or costlier diplexer filters. However, unless the handset is provided with an accurate fre- 
quency reference source to remain synchronized with the transmit and receive channel assignment commanded via 
satellite from the primary gateway, communication signal will be lost. The bulk and cost of including an autonomous and 
accurate frequency/timing source at each mobile terminal is prohibitive, and is particularly impractical for a handset 
mobile terminal. Therefore, the handset preferably includes a relatively simple frequency/timing source requiring fre- 
quency/timing assistance from the primary gateway through the satellite. 

For gateway to mobile terminal (GW-MT) communications, this gateway assistance is provided initially via a broad- 
cast control channel (BCC) at the start of a call, and later during the call that gateway provides frequency and timing 
updates via overhead bits attached to the communication signal. These control channels provide signals for call waiting, 
short message service, and functions for call teardown such as terminating a call upon disconnect at one mobile termi- 
nal and sending a signal from the system upon disconnect of one terminal to reset the terminal to standby. This same 
approach would be used for MT-MT calls if all MT-MT calls were routed through a gateway (GW-MT) Unfortunately the 
passage of communications through the gateways Introduces excessive delays due to the multiple hops. Such delays 
are not acceptable for voice communications between handsets, although they are tolerable In transmissions between 
facsimile machines and computer terminals. 

If an alternative to GW-MT Is desired, several factors exist that do not enable an additional control signals to be 
readily employed. For example, three handset functions of receiving information, transmitting information and receiving 
controls render portions of the frame unusable. This is temporarily referred to as a loss of frame efficiency. In addition 
to mutual blockage of these three functions, many other factors complicate this situation. The arrangement of the frame 
structure may not permit efficient transfer of all this information on the carrier, particularly where a loss of the data may 
be caused by timing differences due to a mobile terminal's position within the coverage, the beam's position within the 
coverage, the mobile terminals position within the beam, and any errors in beam pointing, such as thrusters adjusting 
satellite position and beam Identification errors. In addition, the inclined orbit of the satellite, movement of the mobile 
terminal during the call, movement of the satellite during the call, and the length of the call over which these changes 
occur, can also affect the reception of control signals and transmission and reception of information signals. In addition, 
low cost handset operation will not permit a substantial reduction In mobile terminal retune time and the time to switch 
between the transmit and receive functions, if costs are to be kept down and the loss of information transmitted during 
the switching period cannot be tolerated. 

Summary Of The Invention 

The present invention overcomes the disadvantages mentioned above by providing a system of aligned time slot 
assignment with time division multiple access (TDMA) frame carriers that use simple cost-effective handsets in single 



2 



I: <EP 079071 4A2 I > 



- ■ m m 

EP0 790 714 A2 

hop communjcations between mobile terminals through a satellite link without degradation in frame utilization efficiency. 
The cost-effective handsets use a relatively simple mobile terminal control signal (MMC) as a frequency and timing ref- 
erences and require only digital signal processing (DSP) improvement to accommodate the additional processing capa- 
bility Correction signals are provided to the terminals, for example, handsets, via satellite from a primary gateway The 

5 correction signals are on a tAt\AC carrier Independent of the mobile-to-mobile communication signals, thus avoiding the 
need for double hop transmission and Its attendant signal delay that is urxlestrable for voice communications. These 
MMC channels preferably provide signals for call waiting, short message service, and functions for call teardown such 
as terminating a call upon disconnect at one mobile terminal and sending a signal from the system upon disconnect of 
one terminal to reset the terminal to standby A primary gateway listens to the receive and transmit signal on other 

10 receive and transmit carriers to generate the frequency and timing corrections necessary for delivery on the MMC car- 
rier. 

The assignment according to the present invention provides a frame structure that permits the handset to receive 
the correction signal in a portion of the TDMA frame when it is neither transmitting nor receiving the moblle-to-moblle 
communications signals. The 3 handset functions, transmit communications signal, receive communications signal, 

75 and receive MMC reference signal are judiciously staggered in time in the transmit and receive TDMA frames so that 
frame efficiency up to 1 00% occurs. This arrangement of functions in time is referred to as the time slot assignment plan 
and is provided by the method practiced according to the present invention. 

The invention Includes a method to design the plan to be sufficiently tolerant to variations in distance to the satellite 
from various mobile users so that all users within a beam can use the same exact transmit/receive time slot relationship. 

20 The assignment algorithm's tolerance to distance variations also permits operations with a satellite in inclined orbit. No 
operational changes are required as distance between users and the satellite vary throughout a 24 hour period. Also, 
the method provides sufficient guard time before and after each handset function to accommodate handset switching 
and retuning between receive, transmit and MMC carriers as well as to accommodate relative motion between the sat- 
ellite and a user during a call without the need for complex and costly diplexer filters. Finally, the assignment plan Is 

25 applicable to any arxJ all beams within the coverage area. 

In the preferred embodiment, a geosynchronous satellite is used to provide a plurality of beams, preferably each 
beam is approximately 0.69 degrees in beamwidth, within a coverage area. The coverage area is preferably contained 
within the 20'' ground elevation angle to the satellite. Mobile-to-mobile satellite communications is achieved using a 
TDMA format, preferably with a frame length of 40 milliseconds divided into eight time slots, with each time slot prefer- 

30 ably being further divided into three subslots. A handset uses two suitably separated time slots from the TDMA frame 
for transmitting and receiving communications on mobile-to-mobile carriers. The frequency/timing information Is avail- 
able from one of a plurality, preferably three. MMC signals provided on a separate gateway to mobile carrier (GW-MT) 
in the beam. 

In the preferred embodiment, each MMC channel preferably occupies one subslot and the minimum guard time 

35 between any two handset functions is preferably 2/3 of a slot. An alternate arrangement of the preferred embodiment 
addresses the case where longer MMC signals are desired. For example, the MMC signals may be longer because of 
additional usage or calling system functions such as call waiting, short message service, functions for a tear down, call 
forwarding, call barring, call completion including hold and call waiting, number identification and call modification such 
as multiparty service. In this case, each MMC signal preferably occupies two subslots and minimum guard time 

40 between any two handset functions is preferably reduced to 1/2 of a slot. 

As a result, the present Invention provides a method and tools for structuring the time frame in TDMA carriers In 
which the MMC, receive slot, and transmit slots occupy assigned locations within the frame in an arrangement that 
avoids detrimental effects due to terminal movement, satellite movement, switching times, beam errors, and satellite 
Inclination. The invention provides complete transmission of conveyed information by utilizing subslot assignments, 

45 assigned positions of guard time subslots, defined control (MMC) subslots and positioned communication slots for both 
receiving and transmitting information. In addition, the present invention provides frequency and timing references for 
low cost handsets. In addition, the method Is applicable to mobile to gateway transmissions as well as mobile to mobile 
links in the communication system. Preferably the assignment plan minimizes the number of MMC slots to save more 
time slots and satellite power for communications. Nevertheless, a sufficient number MMCs. preferably 3 equally 

50 spaced time subslots, guarantee meeting objectives of high frame efficiency while accommodating the required frame 
offset One advantage of the assignment plan of the preferred embodiment is that the MMC assignment is good for the 
length of a call and avoids changing channel assignments in the frame. 

Brief Description Of The Drawing 

55 

The present invention will be more clearly understood by reference to the following detailed description of a pre- 
ferred embodiment when read In conjunction with the accompanying drawings in which like reference characters refer 
to like parts throughout the views and In which: 
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FIGURE 1 is a diagrammatic view of a satellite system implementing the frame assignment constructed according 
to the present invention; 

FIGURE 2 is a diagrammatic representation of a modulation scheme using a prior art arrangement for communi- 
cating with the system shown in Figure 1 ; 

FIGURE 3 is a tat.le of frame offset across beam and inclination range of satellite orbit analysis; 

FIGURE 4 is a table of methodology for calculating the frame offset associated with mobile user movement in an 
analysis according to the present invention; 

FIGURE 5 is a diagrammatic representation of the total range of frame offset according to the present invention; 

FIGURE 6 is a diagrammatic view of a tool for determining allowable receive and transmits slot assignments as a 
function of frame offset for each possible MMC location; 

FIGURE 7 is a table demonstrating receive and transmit slot assignments with a selected MMC slot; 

FIGURE 8 is a graphic representation of an MMC locator where selected receiving slot and selected transmitting 
slot have been identified; 

FIGURES 9A and 9B are tables identifying a slot assignment plan for a frame according to the present invention; 

FIGURE 10 presents a table of comparison of slot alignments according to the present invention; 

FIGURE 1 1 is a table representing relative satellite power requirements to support the MMCs for the slot assign- 
ments according to the present invention; 

FIGURES 12A and 12B represent a slot assignment plan where the MMC slot is 2/3 and guard time equals 1/2 slot; 
FIGURE 13 is a table of the slot assignment plan for use in a mobile terminal to gateway transmission; and 
FIGURE 1 4 is an enlarged representation of the total coverage area shown in Figure 1 . 
Detailed Description Of The Prefe rred Embodiment 

Referring first to Figure 1 , a mobile communication system 20 is thereshown including a geosynchronous satellite 
22 and a primary gateway 24 that controls the satellite and all communication activity in the network. An mtranetwork 
communication subsystem (INCS) handles control information between the primary gateway 24 and one or more metro 
aateways26 The gateways 24 and 26 communicate with the satellite 22 through KU-band feeder links. 

SL. the system includes mobile terminals (MT) as diagrammatically indicated by the handse 28. However 
while facsimile and other data transmitter terminals may form mobile terminals 28, the handset represents the simplest 
l^uipment that must be accommodated in the mobile system. Communication between the handsets 28 occurs throuQ^^ 
L^and mobile links including a plurality of beams 30 clustered in multiple-beam cells, for ^^^^'^f ^^J" J^f; 
For a call between a mobile terminal and a public switched telephone network, telecommunication traff ic f tows be^«een 
the gateway and the satellite on the Ku feeder link and between the mobile terminal 28 and the satellite 22 on the L- 
band mobile link. A single two-way satellite circuit is used. . ■ „,„oowio 

For a mobile terminal to mobile terminal call, telecommunication traffic flows between the mobile terminals 28 via 
the satellite 22 on the L-band mobile link, single hop. Two two-way satellite circuits are used, one for each mob. e ter- 
minal. An individual circuit is assigned a time slot in a TDMA carrier. Each carrier has a unique frequency and the L- 
band frequency is reused across the beams to conserve bandwidth although the same frequency is not used m adja- 
cent beams or in cells adjacent to the beam. 

In general, when a mobile terminal to mobile terminal call has been initiated, the communication system deter- 
mines in which beam each of the mobile terminals 28 is located. The system alerts the called mobile terminal 28 that a 
call request has arrived. The called mobile terminal 28 responds and is allocated a ^^'Q"'^^"*^^^^,!^!^^^ 
selecSan allocated channel and sends an L-band frequency and time slot assignment to the ^"'"9 "^"^'fj^"" 
28 The system selects a second allocated channel from the pool and sends an L-band frequency and time slot assign- 
ment to the called mobile terminal 28. The system also commands the satellite payload processor to set up the fre- 
quency and time slot translation for each direction of the call. 
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Referring now to Figure 2, the TDMA carrier 34 contains time slots to which voice channels are assigned. As shown 
in Figure 2, carrier number 1007 has been assigned as a transmit slot to transmit voice to the handset. Within the carrier 
34, TDMA channel 3 has been selected as a voice communication slot 36 out of the 40 millisecond, eight channel 
TDMA frame 38. Other TDMA channels in the same carrier may be assigned to other voice circuits. The basic channel 
5 or slot 36 consists of three subslots 40. Each slot may include overhead bits 42 as well as communication data slot por- 
tions 44, 

The present invention sets up an efficient frame construction in that modulation scheme that provides a relatively 
inexpensive timing reference in a manner that provides maximum mobile terminal to mobile terminal frame efficiency, 
maximum gateway to mobile terminal frame efficiency minimum satellite EIRP overhead, and to minimize the need for 
10 modification of handset equipment. The present invention also provides high frame efficiency at any point in the cover- 
age, high frame efficiency across the beam, and high frame efficiency throughout a day As a practical matter. 100% 
efficiency is obtained to avoid loss of any transmitted information and data. As shown in phantom line at 35 in Figure 2. 
this is accomplished in part by employing a least one additional carrier for control or communication signals as dis- 
cussed below. 

15 Several operational factors influence the frame efficiency, the satellite overhead EIRP, and the handset require- 
ments. These factors are modeled analytically and are incorporated below. 

The mobile terminal's position in the coverage must be considered. The satellite is the timing reference for the 
beginning of a transmit frame and the beginning of a receive frame. At the satellite, the difference between the start of 
a transmit frame arxJ a receive frame will be known but will not necessarily be coincident or an integer number of frames 

20 apart. Furthermore, a user at an arbitrary position in the coverage will receive in a frame later and will transmit in a 
frame sooner than a user at the sub-satellite point. The frame offset (difference between the start of transmit and 
receive frames) may vary by 25 msec from 20 degree elevation angle to 90 degree elevation angle. Compensation for 

\ this variation plus the arbitrary offset time delay to process transmit or receive frames at the satellite means that MTs 
will operate over a full range of frame offset (0-40 msec). 

25 Three operational factors associated with beams, that influence the frame offset that a user will experience, are 
beam position within coverage, MT position within beam, and beam pointing and beam identification errors. These three 
operational factors determine the frame offset for a user in any beam in the coverage area. The analytical methodology 
for the preferred embodiment is presented in Figure 3 (right column). The worst-case beam is positioned at an elevation 
angle of 25.8 degrees such that one beam edge is at 20 degree elevation angle. The shortest and longest transmission 

30 times to the satellite for the beam are computed. The frame offset across the beam is computed as 2 times the differ- 
ence in transmission times (6.64 msec). 

The beam is mathematically enlarged to account for beam pointing error and beam error identification. In the pre- 
ferred embodiment, each value is assumed to be a fraction, typically 10%, of beamwidth. The frame offset is multiplied 
by 1 .2 to account for these errors resulting in a total frame offset across a beam of 7.968 msec peak to peak. Table 1 

35 shows frame offset across the beam as a function of beam center elevation angle. A worst-case value of 8 msec will be 
carried forward to the next step of the preferred embodiment as an upper bound for all beams. 

It is important that the frame structure and slot allocation rules accommodate this 8 msec peak to peak variation in 
frame offset. Failure to do so can result in loss of frame efficiency if allocation rules change as a function of MT position 
in the beam. In this case, allocations for users at the northern beam extreme could block users at the southern beam 

40 extreme because both users may be competing for the same transmit time slot. This undesirable circumstance occurs 
when the slot allocation rules change as a function of position within a beam. Rules that accommodate the peak to peak 
8 msec offset are independent of user position within the beam and no loss of frame efficiency occurs. 

Inclination of the satellite orbit causes a change in frame offset as a function of time of day for ail users in the cov- 
erage area. The worst-case effects occur at 20 degree elevation due north and due south of the satellite. The method- 

45 ology for computing this effect is also shown in Figure 3. Transmission times to the satellite for plus and minus 5.2 
degree inclination are computed. The difference of these transmission times multiplied by 2 yield a daily peak to peak 
variation of frame offset of 7.246 msec. Table 1 shows the variation in offset for other user positions indicated by eleva- 
tion angle. A worst case value of 7.25 msec peak to peak is carried forward in this preferred embodiment as an upper 
bound value of frame offset. 
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Table 1 



Frame Offset Across Beam and Inclination Range (Results) 


EL (deg) 


Delta offset over aay 
(msec) 


(msec) 


20 


7.2460 


— 


25 


6.9882 


— 


25.8061 




7.9680 


30 


6.6771 


6.5378 


35 


6.3153 


5.2993 


40 


5.9055 


4.3631 


45 


5.4508 


3.6197 


50 


4.9547 


3.0074 


55 


4.4210 


2.4879 


60 


3.8537 


2.0361 


65 


3,2571 


1 .6341 


70 


2.6359 


1 .2688 


75 


1 .9946 


0.9303 


80 


1.3382 


0.6104 



The factors of mobile terminal (MT) retune time and transmit/receive switch time affect the required guard time 
between any two MT functions (receive slot, transmit slot and receive MMC). Ukewise. MT motion during call. sateHite 
motion during the call, and call duration affect the guard time. For example, sufficient guard time must be provided 
between the transmit and receive slots to permit Transmit to Receive (T/R) switching and to accommodate any frame 
offset caused by spacecraft or MT movement. The spacecraft and MT motion are accounted for in the guard time to 
relieve the primary gateway from having to switch MMC assignments to mobile users during a call. For example, a suf- 
ficient guard time is provided to keep time slot 5b as the MMC for the duration of an entire phone call. Referring to Fig- 
ure 9a. for example, a user at a frame offset valve of 2.67 could receive at slot 0 (R=0) and transmit at slot 1 (see shaded 
entry) and would listen to time slot 5b for timing and frequency references. 

Figure 4 presents the methodology for the calculation of the frame offset associated with MT motion. An MT is 
assumed to be at 20 degree elevation due north of the satellite. Several parameters are computed leading to transmis- 
sion time to the spacecraft. Ihe MT is assumed to move south at 100 km/hr for 30 minutes. The parameters including 
transmission time are again computed for the new MT position. The frame offset is given by 2 times the difference in 
transmission times to the satellite from the two MT positions. 

Table 2 presents a summary of results for both spacecraft motion and MT motion. The spacecraft motion term 
shown in Table 2 is simply the effect of spacecraft velocity times the call duration. Table 1 indicates that the worst case 
beam at edge of coverage (ground elevation angle (EL)=20'') experiences a 7.246 msec offset over the range of space- 
craft inclination. This takes 1 2 hours to occur, and the average rate of change is 7.246/12 or .604 msec/hr. At the equa- 
torial crossing the rate is kI2 faster than the average, and the maximum rate is .9485 msec/hr. This factor times the call 
duration yields the appropriate offset value. The MT motion methodology Is that used in Figure 4. The entries in Table 
2 are for various combinations of speed and call duration. 

A peak value of 0 8 msec (0.5 for the spacecraft and 0.3 for the MT) Is carried fon«ard in the preferred embodiment 
as an upper bound for all users. The 0.8 msec value is extremely conservative and is chosen only since the system can 
easily accommodate It. A more realistic upper bound would be for 10 minute calls where the spacecraft motion term is 
0.16 msec and the MT motion term Is 0.10 msec. The realistic total could then be 0.26 msec. 
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TABLE 2 



10 



Call Duration (min) 


Offset from S/C Motion 


Offset from MT Motion 






MT Speed (km/hr) 




0.9485 nnsec/hr* 


0 


20 


40 


60 


80 


100 


0 


.0000 


.0000 


.0000 


.0000 


.0000 


.0000 


.0000 


10 


.1581 


.0000 


.0209 


.0418 


.0627 


.0836 


.1044 


20 


.3162 


.0000 


.0418 


.0836 


.1253 


,1670 


.2088 


30 


.4742 


.0000 


.0627 


.1253 


.1879 


.2505 


.3130 



15 

Table 3 shows this 0,80 msec of frame offset from worst case motion assumption combined with 2.2-2.5 msec of 
MT switch time, designated as case 1 . This range of values for switch time or retune time is consistent with the current 
technology (common air interface, CAI) for basic architecture of the handset. The total frame offset for offsets listed in 
20 Table 3 will be accommodated by a guard time placed between any two of the three handset functions. The total guard 
time required is just under 2/3 slot for Case 1 . 

Case 2 addresses the situation where no terms are included for spacecraft or MT motion. This has some implica- 
tions on the MMC assignments to users as will be discussed later. 

Table 4 shows the guard time for Case 1 is positioned before and after a receive communications slot. This resulting 
25 guard time also applies before and after the MMC receive function. With guard time placed around the receive func- 
tions, no further guard time is required for the transmit communication slot. 



30 



35 



40 



TABLE 3 



Total Guard Time 


Frame Offset Source 


Case 1 


Case 2 




Worst case motion 


No motion 


MT switch and retune time (msec) 


2.2-2.5 


2.2-2.5 


S/C motion during call (msec) 


0.5 




MT motion during call (msec) 


0.3 




Total offset (msec) 


3.0-3,3 


2.2-2.5 


Total offset (slots) 


(2/3) 


(1/2) 
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TABLE 4 - Slot and Guard Time Arrangement 



5 





Case 1 


3.3 msec 


S.O msec 


3.3 msec 1 






2/3 slot 


1 slot 


2/3 slot 1 


10 




Guard 


Comm. 


Guard 1 






Time 




Time | 




Case 2 


2.5 msec 


5.0 msec 


2.S msec 1 


IS 




1/2 slot 


I slot 


1/2 slot E 



20 Table 5 summarizes the effects described above and quantitatively indicates the impact for each group of factors. 
All of these results are carried forward in the preferred embodiment. 

Figure 5 shows user slots in a frame bounded by 4 msec on each side for variation across a beam (8 msec peak 
\ to peak). In addition, this arrangement is also shown shifted left and right by 3.6 msec to account for satellite inclination 
(7.25 msec peak to peak). 

25 A preliminary conclusion at this point is that to accommodate variation across a beam, the slot allocation plan 
should be constant for a frame offset range of ±4 msec or ±0.8 slots. In order to accommodate variation across a beam 
and over any day, the slot allocation plan should be constant for a frame offset range of ±7.6 msec or ±1 .52 slots. The 
significance of this conclusion will become readily apparent in the next section, 

30 

TABLE 5 



Impact of Operational Factors 


Operational Factor 


impact 


1 . MT position within coverage 


0-40 msec frame offset at MT 


2. Beam position with coverage 

3. MT position within beam 

4. Beam pointing and identification error 


8 msec peak to peak frame offset across worst beam (±0.80 slots) 


5. Satellite in 5.2 degree inclined orbit 


7.25 msec pk-pk frame offset across a day in worst beam ±(0.73 slots) 


6. MT motion during call 

7. Spacecraft motion during call 

8. Call duration 

9. MT retune time and T/R switch time 


3.33 msec (2/3 slot) peak guard time (case 1) 
0.5 msec (1/2 slot) peak guard time (case 2) 



50 The data presented in Table 3 and Table 4 indicates that for case 1 , a guard time of 2/3 slot is needed between the 
various MT functions of transmit signal, receive signal, and receive MMC. The transmit and receive signals each occupy 
a 5 msec slot within the frame. The minimum possible size of an MMC is 1 .66 msec or 1/3 slot. These two parameters 
form the basis of a candidate frame structure. The remaining open frame structure items are the number and location 
of MMCs provided on the GW-MT carrier. For a frame efficiency of 100%, at least two MMCs must be used on the GW- 

55 MT carrier in order to permit signal reception or transmission coincident in time (carried in frame slots of like number) 
on the MT-MT communication carrier, and compensate for the already used arbitrary time slot coincident in time with 
the first MMC time slot selected. This mobile terminal would then use the second MMC occurring elsewhere in the 
frame of the GW-MT carrier. However, the number of MMCs may be further selected to provide a frame efficiency of 
100%. 
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Three criteria are used to evaluate candidate frame structure and their related slot allocation plans. These are sat- 
ellite overhead EIRR handset complexity, and frame efficiency. Three types of frame efficiency are defined as follows: 

Single point frame efficiency is 100% when all eight receive slots are each associated with a unique transmit slot 
5 at a single point in the coverage, and an assignment plan does not include any effect of compensation for move- 

ment such as satellite orbit inclination. 

Beam frame efficiency is 100% when all eight receive slots are each associated with a unique transmit slot and the 
connection arrangement is constant for users anywhere in a beam, but not including the effects of satellite orbit 
inclination. For this situation, the slot allocation plan must be constant over a frame offset range of ±0.8 slots. 
10 • Day frame efficiency is 100% when all eight receive slots are each associated with a unique transmit slot and the 
connection arrangement is constant for users anywhere in a beam at any time of any day. In this situation, the slot 
allocation plan must be constant over a frame offset range, for example, an offset range of ±1 .52 slots. 

The approach to achieving high efficiency (100%) is to find the minimum number of MMCs and their most effective 
15 positions within the frame. 

An evaluation process is best explained by means of an example. For example, the case where the guard time is 
set to 2/3 slot (case 1) and the MMC length is 1/3 slot. 
Four steps in the evaluation process are as follows: 

20 1) Find the allowable receive/transmit slot assignments as a function of frame offset for each possible MMC loca- 

tion. 

2) Find the MMC locations that permit making a selected receive/transmit slot assignment as a function of frame 
offset. 

3) Using the results of step 2, select the minimum number and location of MMCs required for adequate frame effi- 
25 ciency. 

4) Generate the receive/transmit slot assignment table. 

The allowable communication slot (receive/transmit slot) assignment is easily achieved with a slide rule like tool 
shown in Figure 6. The top bar (shaded) is the stationary part of the tool and indicates the MMC 48 location as subslot 

30 Oa. For this MMC location, slots 1 through 6 are available as possible receive slots. 

Starting with the receive function 50 in slot 1 , guard times 46 are positioned around the MMC 48 and the receive 
slot. Line "a** depicts a slider bar also with time markings. It is aligned in time with the shaded bar indicating zero frame 
offset. On line "a" the possible transmit slots 52 are 3 through 6. Line "b" corresponds to a frame offset of 1 /3 slots (mov- 
ing the slider corresponds to offsetting the frames). For line "b" the possible transmit slots are again 1 through 6. Figure 

35 7 shows these possible transmit slots 52 listed under receive in slot 1 for offset values of 0 and 0.33. The slider is 
repeatedly moved and the possible transmit slots are entered into Figure 7. When the column for receive in slot 1 is 
complete, the receive function is moved to slot 2 and the above process is repeated. When Figure 7 is completed for 
the MMC in subslot Oa, the MMC is moved to Ob and process is repeated. Although this process seems tedious, alt of 
these steps can be done rather quickly on a spreadsheet. 

40 A complete set of twenty-four tables (one for each possible MMC location) provides a thorough examination that 
shows that two MMCs cannot yield a single point frame efficiency of 100%, no matter which two MMC locations are 
selected. 

One step includes identifying all MMC locations that permit making a selected communication slot assignment pair- 
ing (R=No. of frame slot. T=No. of frame slot) as a function of frame offset, which is best done on a graph where the 

45 horizontal axis is the 24 subslots in a frame and the vertical axis is the frame offset measured in slots. Such a graph is 
shown in Figure 8 for the case of receiving in slot 2 (R=2) and transmitting in slot 3 (T=3). MMC locations that accom- 
modate this receive/transmit selection are identified by the alphabet characters in their respective column over the 
appropriate range of frame offset. 

The two triangles in Figure 8 are the same for any selection of receive and transmit slots as long as the MMC length 

50 and guard time are constant. Only the position of the two triangles changes as different transmit/receive combinations 
are selected. If the selection of the receive slot is increased or decreased, the two triangles move in formation to the 
right or left, respectively. If either the transmit or receive assignment is changed, the two triangles move in formation 
vertically. The position of the triangles for arbitrary transmit/receive assignments can be determined from the top row 
and left column in Figure 8. The top row and left column are labelled "generic," and the frame slots and offset entries 

55 are given as functions of T (transmit slot) and R (receive slot). The next inner column and row list the specific values of 
slots and offsets for our example of R=2 and T=3. 

The two triangles will change shape, size and relative position if the MMC length and guard times are fixed. Only 
their combined position changes for different combinations of receive and transmit slot assignments. The triangles then 
act as a characteristic function for a given set of MMC and guard time lengths, and becomes a very useful tool for find- 
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ing the rules for the MMC spacings. 

Another step includes selecting the number and location of MMCs required to achieve high frame efficiency. Col- 
umns Oa and 5b in Figure 8 are shown as shaded. If these subslots contain MMCs, then R=2 and T=3 can be main- 
tained over a peak-to-peak frame offset range of 4.67 slots. This value is sufficiently large to accommodate the + 1 .52 
5 slots of frame offset associated with the variation over the worst beam and variation over the worst day. MTs with low 
values of offset can use the MMC in Oa and those with larger values can use the MMC in subslot 5b. 

However, If Figure 8 is redrawn for R=0, then column Oa will have no entries and column 5b will only cover 2.00 slots 
of frame offset, which is not adequate. The remedy to this situation is to add a third MMC. The location, however, has 
to be carefully selected. In order to cover a wide range of frame offset, a pair of MMC subslots must have a subslot 
10 spacing greater than or equal to eight. This fact is readily evident from inspection of Figure 8. Another condition for three 
MMCs is that the sum of the three spacings must equal 24 since the subslots repeat at this interval. 

There is only one way to list three spacing values greater than or equal to 8 whose total equals 24. This way occurs 
when all three spacings are equal to 8. The first five of twenty-four acceptable MMC locations are listed in Table 6. 



TABLE 6 



Acceptable MMC Locations 


Spacing 




8 




8 




8 




MMCs 


Oa 




2c 




5b 




Oa 




Ob 




3a 




5c 




Ob 




Oc 




3b 




6a 




Oc 




1a 




3c 




6b 




la 




1b 




4a 




6c 




lb 
















etc. 



Another step includes generating the receive/transmit slot assignment table. As an example, this is done for the 
shaded entry of Table 6. This selection is somewhat arbitrary. No compelling reason has been found to prefer a partic- 
ular set of MMC locations. The receive/transmit assignment table for this case of MMCs in subslots Oa, 2c and 5b is 
shown in Figures 9A and 9B. The table is constructed by assembling the appropriate portions of the data in tables like 
35 Figure 7 for each MMC assigned subslot Oa. Ob. Oc. etc. in ascending order of receive slot assignment. 

Certain entries in Figures 9A and 9B are shaded. These entries are to be used for MTs in a beam with a beam 
center frame offset values of 3±1/2. For these MTs. the transmit slot assignment is equal to the receive slot plus one 
(modulo 8). For beam centers with offset values near 4. the transmit slot is equal to the receive slot. In general, the 
transmit slot is given by 

40 

T = R + 4 - nearest integer offset (mod 8). 

The offset of a center of a beam is determined for various beams across the coverage area, for example, by deter- 
mining the average of the biggest and smallest offset across the beam. The beam center offsets will not generally occur 

45 at integer values. We therefore create an offset window, as shown at the left of Figure 9A. that is one slot wide and cen- 
tered on integer values of offset. The window for an offset value of 3 is bordered in the offset column (on the left) of Fig- 
ures 9A and 9B. The useful range of offset extends 1 .84 slots above and below the window. This value easily meets the 
requirement of 1.52 slots identified in Figure 5. 

This assignment plan is made shortly after the satellite is launched and the orbit parameters are determined. This 

50 assignment for each beam center position on Earth is computed using the simple expression given above for a point in 
time when the satellite is at 0 degrees inclination. The resulting transmit/receive slot relationships for each beam center 
are then good over each entire beam for the life of the satellite. 

The guard time of 2/3 slot used in an example candidate frame structure corresponds to case 1 in Table 9. The 
spacecraft and MT motion terms are included in the guard time to ensure use of the same MMC during the call. For 

55 instance, an MT with a frame offset value of 2.67 could be assigned use R=0 and T=1 (see Figure 9A) and could be 
assigned use either MMC 2c or 15b. Either would be available for the duration of the call since the motion terms were 
included in the guard time. 

Alternatively we can delete the motion terms if we are careful about assignment of MMCs to MTs. For instance, the 
MT with a frame' offset of 2.67 can be assigned to 5b when the frame offset is expected to get smaller, or to 2c when 
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the frame offset is expected to get larger. This requires keeping track of whether the distance from the MT to the satellite 
is increasing or decreasing at any point in time. 

An alternative approach is to avoid assigning R=0 to the MT with the offset of 2.67. Instead, assign a receive slot 
to that MT that does not have an MMC transition occurring at an offset value of 2.67. A complete set of transition points 
5 is presented in Table 7. They are not numerous and an algorithm to avoid them is relatively simple. 



TABLE 7 



20 



MMC Transition Points 


Receive Siot 


Transition Oa - 2c 


Transition 2c - 5b 


Transition 5b - 01 


0 




2.67 




1 




1.67 


4.67 


2 






3.67 


3 






2.67 


4 


4.00 






5 


3.00 






6 


2.00 






. 7 




3.67 





25 

The same four step evaluation process is used to evaluate other frame structures to determine their performance 
parameters. With the MMC size maintained at 1/3 slot, the guard time was varied from 0 to 1 slot in increments of 1/3 
slot. In addition, the guard time was held constant at 2/3 slot and the MMC size was increased to 2/3 slot. The case of 
guard time equal to 0.5 slot was also evaluated as desirable when deleting the motion terms from the guard time (case 
30 2 from Table 3). 

Figure 10 presents a comparison of the cases considered in terms of the number of MMCs required to achieve 
1 00% frame efficiency. The upper entry with the dark border is the example frame structure described earlier in some 
detail. Note that the number of required MMCs could be reduced from three to two if the guard time could be reduced 
to 1/3 slot. However, this would require a significant reduction in handset transmit/receive switch time and the retune 
35 time for jumping between the MMC carrier and the receive/transmit carriers. No reduction in MMCs is available at the 
1/2 slot guard time as long as the MMC length is 1/3 slot 

Figure 1 1 shows the relative satellite power requirement to support the MMCs for each case considered. Some 
reduction in power is available with reduced guard time but with the same handset impact as indicated above. 

The length of the MMC is dependent upon the functions such as call waiting, etc. to be included with the commu- 
te nication system. If it is 1/3 slot in length, then the design example with guard time equal to 2/3 slot is the best practical 
choice. As indicated in both Figures 10 and 1 1 , if the MMC is 2/3 slot in length, then it is desirable to use a smaller guard 
time of 1/2 slot. The slot assignment plan for an example of this type is presented in Figures 12A and 12B for MMCs 
located in subslots Oab. 2c3a, and 5bc. This plan has the same beneficial attributes as the plan in Figures 9A and 98. 
The main difference is the MMC length and locations. 
45 The allowable MMC locations triangle chart for this case are made (similar to Figure 8) along with the 24 tables (like 
Figure 7) of possible receive and transmit slot assignments. 

Figure 13 shows the transmit/receive slot assignment plan for MT-GW communication. This plan shares the same 
beneficial features as either MT-MT slot assignment plan, and is consistent with either MT-MT plan. In addition, the large 
number of transmit slots associated with each receive slot easily accommodates the multi-slot assignments required for 
50 fax and data transmission. 

Having thus described the preferred embodiment of the invention, many modifications will become apparent to per- 
sons of ordinary skill in the art to which it pertains, without departing from the scope arxJ spirit of the present invention 
as defined in the appended claims. For example, other arbitrary selections of frame length, the number of slots and sub- 
slots, the number of slots for MMC, the number of beams and the beam size may be made while utilizing the method 
55 and slot assignment of the present invention. 

Claims 

1 . A method for achieving high efficiency frame structures in a time division multiple access (TDMA) communication 
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signal having a plurality of frames (38) for a satellite telecommunication system (20) with mobile terminals (28). 
comprising: 

including at least one terminal command (MMC) portion (48). a receive signal portion (50) and a transmit signal 
portion (52). in each frame (38): 

selecting a number of MMC portions (48) by determining a frame offset; 

determining a guard time portion (46); ^^^^.^^ 
determining allowable communication slot (44) assignments as a function of frame offset for each possible 
MMC portion (48) location including generating a communication slot assignment table to receive signals and 

iTeSJiglhe rommunication slot assignment that permits continuous use of an MMC slot throughout a prede- 
termined degree of frame offset; ^ 
selecting the minimum number and location of MMC portions (48) required for high frame eff'c■encv^ and 
generating a TDMA communication signal with said minimum number of terminal command (MMC) portions 
(48) on a first carrier (34). said at least one receive signal portion (50) and said at least one transmit signal por- 
tion (52) selected according to said communication slot assignment table transmitted on at least one second 
carrier (35) corresponding in number to the number of mobile terminals (28). 

2. The method of claim 1 . characterized in that said determining a frame offset comprises quantifying the position of 
a mobile terminal (28) in a beam (30). 

3 The method of claim 2. characterized in that said quantifying step comprises determining the difference in trans- 
mission times from each of two mobile terminals (28) and multiplying it to define a time slot porton of frame offset 
for the signal. 

4. The method of any of claims 1 - 3. characterized in that said determining a frame offset comprises quantifying the 
beam center pointing error. 

5. The method of any of claims 1 - 4. characterized in that said determining a frame offset comprises quantifying the 
beam identification error. 

6. The method of any of claims 1 - 5. characterized in that said determining a frame offset comprises quantifying the 
mobile terminal position in a coverage area including multiple beams. 

7. The method of any of claims 1 - 6. characterized in that said determining a frame offset comprises quantifying an 
inclination offset change over a period of one day 

8. The method of any of claims 1 - 7. characterized in that said determining a guard time (46) comprises guantifying 
the movement of the mobile terminal (28). 

9. The method of claim 8. characterized in that said quantifying is determined as a selected velocity for a selected 
duration of time. 

10. The method of any of claims 1 - 9. characterized in that said determining a guard time (46) comprises quantifying 
a satellite movement. 

11. The method of any of claims 1 - 10. characterized in that said determining a guard time (46) comprises examining 
the retune time of a mobile terminal (28). 

12. The method of any of claims 1-11, characterized in that said determining a guard time (46) comprises examining 
the transmit to receive switching time of a mobile terminal (28). 

1 3 A TDMA carrier frame design providing a frequency and timing reference for time division multiple access (TDMA) 
" communication with mobile terminals (28) by a communication signal used in a satellite communication system 
(20), comprising: 

a terminal command (MMC) time portion (48) derived from a gateway timing reference source (24) and deliv- 
ered on a first carrier (34) from said satellite (22); 
a guard time (46) at each edge of said MMC time portion (48); 
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a receive time portion (50) on a second carrier (34) separated from adjacent time portions corresponding to 
said MMC time slot portion (48) by at least one guard time (46); and 

a transmit time portion (52) separated from adjacent receive time portions (50) and MMC portions (48) in a 
frame (38) by at least one guard time (46). 

5 

14. The design of claim 13, characterized in that said MMC time portion (48) is an updater for assisting frequency and 
timing synchronization at the mobile terminal (28). 

15. The design of claim 13 or 14, characterized in that said satellite communication system (20) comprises a satellite 
10 in geostationary orbit 

16. The design of claim 13 or 14, characterized in that said satellite communication system (20) comprises a satellite 
in geosynchronous orbit. 

15 1 7. A mobile terminal to mobile terminal communication system with a plurality of time division multiple access (TDM A) 
carriers (34. 35) in a geographic coverage area, comprising: 

a frame structure (38) including at least one control signal time (48), at least one transmit communication time 
(52) and at least one receive communication time (50), 
20 a plurality of terminals (28) having digital processing (DSP) capacity for switching between transmit and receive 

functions and tuning capability for multiple carriers (34) for each at least one transmit communication time (52), 
receive communication time (50) and control signal time (48), and 

a time slot assignment plan for spacing transmit communication slots, receive communication slots and control 
communication slots relative to each other to achieve 100% frame efficiency for a plurality of used terminals 
25 (28) located at at least one location in said coverage area. 

18. The system of claim 1 7, characterized in that said system includes a plurality of beams (30) and said at least one 
position of said used terminals (28) comprises a plurality of positions in one of said beams (30). 

30 19. The system of claim 18. characterized in that said at least one position comprises a plurality of positions in any 
beam (30). 

20, The system of any of claims 17-19, characterized in that said system includes a satellite (22) between said termi- 
nals (28), and said at least one position includes relative displacement between at least one terminal (28) and said 
35 satellite (22). 
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Parameter 



Equation 



INCL 
(+/- 5.2) 



BEAM 
(+/- 0.345) 



El angle 


EO 


Latitude (nom) 


pO=acos(cos(EO)/d/r)-EO 


S/C angle 


a0=:90-p0-E0 


L(nom)-L(subsat) 


LO=d*sin(pO)/cos(EO)'d+r 


t-t(subsat) msec 


t0=L0/299792,5 


Delta S/C angle 


b1=+beamwidth/2 


S/C angle 


a1=aO+b1 


delta latitude(+) 


+t1 


Latitude (max) 


p1=pO+t1 or p1=f(a1) 


Ei angle 


E1=atan((cos(p1)-.1515)/sin(p1) 


L(max)-L(subsat) 


LI =d*sin(DiycosfE1^-d+r 


t(max)-t(subsat) 


t1=L1/299792.5 


Delta S/C angle 


b1 =beamwidth/2 


S/C angle 


a1 =aO+b1 


delta latitude(-) 


-t1 


Latitude (min) 


p2=p0-t1 or p2=f(a2) 


El angle 


E2=atan((cos(p2)-. 1 51 5)/sin(p2) 


L(min)-L(subsat) 


L2=d*sin(p2)/cos(E)-d+r 


t(min)-t(subsat) 


t2=L2/299792,5 


delta t msec 


delta t=t1-t2 


Rel. offset over day 


offset= 2*delta t 


Rel. offset over beam 


0ffset=:1.2*2*(t1-t2) * 



20 
61.8283 
8.1717 
3768.57 
12.5706 



5.2000 
67.0283 
14.5528 
4321.129 
14.41 



-05.2000 

56.6283 
25.5265 
3234.975 
10.79 

03.6230 



25.8061 
56.3672 
07.8267 
3208.78 
10.7033 

0.3450 
8.1717 

61.82837 
20.0000 
3768.574 
12.57 

-0.345 
7.4817 



51.9270 
30.5913 
2773.267 
9.25 

3.3200 



7.2460 



7.9680 



V. 3 
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Parameter 



Equation 



Value 



El angle 
Latitude (nom) 
S/C angle 
L(nom)-L(subsat) 
t-t(subsat) msec 

Speed 
Duration 
Distance 
Delta lat(deg) 
New iat. 

New B. 

New L(nom)-L(ss) 
t-t(ss) msec 

offset (msec) 



EO 

pO=acos(cos(EO)/d/r)-EO) 
a0=90-p0-E0 
LO=d*sin(pO)/cos(EO)-d+r 
t0=L0/2g9792.5 

v1(km/hr) 
t1 (min) 

d1(km)=v1*t1/60 

w1=57.3*d1/r 

p1=pO-w1 

E1=atan((cos(p1)-.1 51 5)/sin(p1 ) 
LI =d*sin(p1)/cos(E1)-d+r 
t1=L1/299792.5 

offset=2*(t0-t1) 



20 
61.8283 
8.1717 
3768.571 
12.5706 

100 
30 
50 
.4492 
61.3792 

20,4742 
3721.657 
12.4141 

.3130 
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